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We used the Photobacteriymm phosphoreum  bacterial

luminescence assay (I'ﬁ.crotmcR) to swrvey the distrilution of
the toxicity of the sediments fram the lower Detroit River
during the summer of 1986. Of the 136 locations tested, 25 were
fard ©ww be very toxic; 60 were moaerately toxdc: 10 were
slightly toxic amd 41 were classified as being non~toxic. The
greatest nuaber of very toxic sites were ciserred an the wes.ern
shore of the Tremon Chan-<l, however sae very .xic locations
were cbserved .hm.:;hmtthesc.iyam The least “oxic Jreas
vere cbserved oh the eastirn most location~ studied. The
.zt.u.lty of the Micrcox® assay for rapid screening and mappmg
of toicity of sediments i discussed as well acs the
‘relationship of this assay to‘ other assays and the cbserved

distribution of indigencus macroimvertebrates.,

ADDITICNAL KEY WORDS: Metals, petroleum hydrocarbons,

Mic:rotcncR, bacteria, bicassay, Great Lakes.



The densely populated, highly industrialized regions near
the Great ILakes have resulted in many cantaminated areas within
the Great lakes, (Bishop, 1987). The confined areas between the
lakes. which have cae to be know as the Upper Great Lakes
Comnecting Chammels, are especially contaminater (Baker, 123%0a;
1980b, Scruidato anmd DelPrete, 1982; Cnuska et al., 1983;
Crariion, 1983; Gloosii:nko et al., 1976; Thamas opd Modroch,
1979). The L<troit River amd the western basin of lake Erie are
heavily Iimpacted by industrial ar.i mmicipal wa_stas, urban ard
agricultural runoff (IJC, i193]:) . The Det;:r;it River e a busv
transportation artery whic. comnerts lake Frie with lLake St.
Clair. The chamels are maintained by dredging and several
areas, such as Fighting, Mud, Grassy, 2ug and Grosse Ile Islands
have been used to dispose of dredge spoils and industrial
wastes, A sumary of the existing status of these areas,
relative to contamination has been given by Rcdgers ‘et al.
(1985). A mumber of cortaminants, including organic xencbiotics
(Pranckevicius, 1986; Fallon and Horvath, 1985; Kaiser et al.,
1985; Platford et al., 1985; Camba and Kaiser, 1985; Hamdy arnd
Post, 1985) amd metals (Pranckevicius, 1986; Fallon ard Horvath,
1985; Hamdly and Post, 1985; ILum and Gammon, 1985; Maguire et

al., 1985; Chau et al., 1985; Sly, 1983) have been fourd in




sediments of the Detroit River. Specifically, the
cancentrations of PCBs exceed cbjectives ard criteria set by the
Ontario Ministry of the Enviroment and International Joint
Cammission (Rodgers, 1985). Also, the mean total concentrations
of metals in sediments for wnich there are criteria set by the
USEPA; which are &, Cr, HBHg, Ni, 7Zn, cu, Ba, Fe, Po ard ™Mn;
exceed the guidelines for heavily polluted aveas (Pranckevicius,
1986; Ancn,. 1980). These cantaminated sediments can be toxic to
benthic organisms (™ornley and Hamdy, 1984; Mmewar et al.,
1983; ac well as serve as a soxce of oartaminants foo
redi.trilction (Scrudato ard ..cl;:ete, 1982).

Assessing the' mgree of mdan of se‘iments consists
of basically two aspects, incluaino: J) what contaminants are
pr_asent and 2) whit are the potential effects of these
contaminants on biocta (Bishoé, 1987). To determine the
potential toxicity of sediments to benthic organisms one could
conduct a survey to determine the mumber and types of irdigencus
organisms present (Chapman, 1986). While this is a technique,
which has been much used, it suffers from several limitatians.
First, unless ane can establish that all of the chemical ard
phiysical parameters, other than toxicants, and sooces of
colonizing individuals are the same from location to locatian,
it is difficult to demonstrate that differences among

populations are due to todc substances in the sediments. A



mmber of short-term chemical and physical stressors can
irradicate populations of benthic organisms without leaving
toxic residues in the sediments. Also, present-absence data can
nct be used to assess the toxicity of deeper sediments, which
are generally not colonized by benthic invertebrates.
Alternatively, sediment toxdcity can be estimated from the
concentrations of toxic supstances associatad with sediments.
The ocamplateness ol these analyses are seldam known (Ballar et
al.. 1-82; Hoke amd Prater, 1980; Samolloff et al., 1983, as
well as the actuai eovailability of tne toxicantc to bicta
(Oliver, 19vs, Ward and Yowx, .984; Babich and Stotzky, 1977)
Ther~far=, in _su:rveyi;g the ccmhn.ity ¢* benthic o:ganisms‘
and concantracians of Loxic substances 1. sediments it has been
sucgested that vapid direct assessments of toxicants be
determined by bicassays (Chapman, 1986). We used the reduction

of bioluminescernce of the bacterium Photobacterium phosphoreum

(m.crctmcR assay) by pore water extracts from 136 lccations in

the lower Detroit River, during the summer of 1986.

METHOLS
SAMPLE QOLLECTION
Samples of sediment were taken by "PRRAR" dredge, fram the

lower Detroit River, during the sumer of 1986. Sampling




stations were located by loran—C ard trianqulation of local lard
marks. Each station was identified by a station mumber (Fig.
1.) and located by latittde and loagitude coordinates.
Aliquants of sediment were placed in glass bottles in the
laboratory. where they were mairtained at 4°C umtil they were
processed.

Pore waters were extracted by a canbination of
centrifigation and filtrction. Multiple 250g-subsamples of
sediment were centrifiged in 250 ml cotainers, at 18,00C RPM
(22,000 Xg RT), far 45 win at 20°C. The su.ermatant was
filtered through 4.25 dlameter 1.2 ur nominal pore size,
_iqlass fiber filters (Whatman' 7<F/C," 20 pe? vacmm. Pore water
was maintained at 49 until ﬂaeywereusedmassavs (always
lessﬂ:ansevenday’sfxunthetjmof centrifugation).

MICROTOXR ASSAY

The Microtox® bacterial luminescence assay was performed
on pore water extracts by standard procedures (Bulich, 1984;
Qureshi et al., 1984; Irdorato et al., 1984; Vasseur et al.,
1984). Reduction in bioluminescence of the bacterium

Photobacterium phosphoreum was measured with a Microtox® Model

2055 Toxicity Analyzer (Microbics, ©o., Carlsbad, CA.). We
susperded the P. phosphoreum, to a cell density of 108
cells/ml, in 2% NaCl. ©Pore water was added to the mixture to
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give final concentrations of 7.5, 15, 30 and 60% pore water in
the NaCl medium, We determined the percent pore water in the
incubation to cause a 10% (BEC-10) or 50% (EC-50) reduction in
bioluminescence, relative tn control incubations (Table 1). We
determined the dose-response relationships from the log-probit
reiationchip (Finney, 1971); Stephan, 1977) with the PROBIT
procechre or the Statistical Analysis System (SAS, 1985,.

The pure water f~om same locations resultea ir a slope of
the log-prubit wegression, which was not significantly different
from zero. These sediments were deemed 1on-toaic (Taole 2).
Also, the pore water of same sediments resulted in predicted
EC-50 val'les, which' were creater them 100%. Becausé these
values were beyard the range of our experiment these sediments
were also reported to ke non-toxic. This does not mean that
there was not come reducticn in bioluminescence at these
locations, but rather, that it would take a pore water extract
of greater than 100% to <cause a 50% reduction in
bicluminescence. Therefore; our reporting of sediments is
conservative and sediments classified as non-toxic by this assay

may show same toxicity.

Of the 136 locations tested, 25 were foud to have BEC-10
values, which were less than 10% pore water extract. These
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locations were classified as being very toxic. These locations
were located, primarily, in the Rouge River and alang the
western shore of the Trenton Channel (Fig. 1 ard Table 1).
However, there were cother locations, which were also fourd to be
vary toxic. Most of these were located in the main chennel of
the Detroit River, north of Grosse Ile. Several isolated
locatiars, such as station Nus. 53, 183, 42 amd 121 were fourd
to have sxdiments, whicn exhibited creat toxucity, as measured
by the Microtox assay.

Sixty locations were classified as moderately toxic. ‘tha*
is, t.‘ney had EC-10 values of gnaate.r than 10% avl le=s than 40%
.pcre water: Sed ments, whldaadu.bltudthlsdeg:eeof*mc_ty,: |
were cbserved throughout the iower Detroit River system, o potn
sides of Grosse Ile (Fig. i)

A total of 10 locations yielded sediment pore water which
exhibited EC-10 values of greater than 40% ard less than 80%
pore water. These samples were classified as slightly toxic.

Forty ane of the 136 locations, sampled in cur study, were
foorxd to be non~toxde. That is, they exhibited EC-10 values of
greater than 80% pore water extract or had no significant slcpes
in the log-probit regression. The area alang the western shore
of Fighting Islamd, including station Nos. 82, 83, 130 ard 136
represented a relatively large area of sediment, which was fourd
to be non—toxic. The sediments from the eastern shore of the
Trenton Channel were generally less toxic than those from the

9



western shore. We also fourd an area of non-toxic sediment in
the Rouge River. In general, sediments from the eastern side of

Grosse Ile were less toxic than those an the western side.

DISCUSSIWN

The Microto® assay is a bacterial uminascenca bimassay
developed by Beckman Inc. in 1977 (Bulich, 198:) as a rapid
screenix altermative to stardard awute toxicity testing wich
fish or iverteb.-tes. This test is based an the reduction of

biciuamines<ence of H. marme bacterium (Photcbacterium
Mcr.eum) :(NRRL B-11177) b to:acant< This ‘:aﬁt ‘s simple
ard only remuires 30 mir. to complete.

The Microtox® assay has been axtensively studixd and the
results of this test compared to acute bicassays with both fish
ard invertebrates for a large mmber of pure campourds ard
camplex mixtures (Bulich, 1984; Bulich et al., 1981; Curtis et
al., 1982; Iebsack et al., 1981; Q.lresh..l et al., 1982; Queshi
et al., 1984; Tarkpea et al., 1986; Schiewe et al., 1985;
Irdorato et al., 1984; Nacci et al., 1986; Vasseur et al., 1984;
Hermens et al., 1985). These camparisons have demonstrated
general agreement between toxicity values determined by the
stardard fish and Dephnia magna acute assays with that of the

Microtox® assay among-laboratories (Green et al., 1985).
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The use of bacteria as surrocgate assay organisms, is
predicated on the assumption that at least same biochemical ard
phivsiological systems are evoluticnarily conservative ard that
toxicants elecit cbserved effects due to interactions with
bionolecules, which are similar in many different organisms.
However, because of the differences in medes of action of
toxicants and physiologies ard biochemistries of organisms, cne
would rot expect all organisms to respond sim’lesly o a range
of toxic chemicals. Same taxicants have specific effacts on
particular organisnsorgm:pspfo;nganjsxs. For chis reason
bacteria, algae and anirals may c~vhibit a Gifferential
sensitiviff to sorgarié. ard inorganic tc:acarrts Wwon 156
- pollutants were examined, 23 exhibiteq a proncunced selective
toxic action on bacteria, while 47 were more toxic to algre ard
43 had the greatast effect an protozocans (Bringmarm and Kuhn,
1980).

Bacteria, 1in «general, are equally sensitive or more
sensitive to metals than are plant or animal cells (Rabich amd
Stotzky, 1985). For instance, P. rhosrhoreum is mich less
sensitive to both mercury amd cadmium than is D. magna (DeZwart
ard Slooff, 1983). Bactaria are, however, not insensitive to
all metals. Marine bacteria such as P. phoschoreum, are
particularly sensitive to the toxic effects of metals such as
copper (Gillespie amd Vaoczm, 1978; Swuda ard Gillespie,
1979). Based on the dbserved concentrations of metals in same
Detroit River sediments (Pranckevicius, 1986; Fallon ard
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Horvath, 1985; Thornley ard Hamdy, 1984) it is likely that the
metals were respansible for a large amount of the cbserved
toxicity of pore water.

Bacteria have generally been thought to be tolerant of
pollution by petrocleum hydrocarbons (Adams, 1985). However,
bacteria can ke inhitited by exposwre to crude oils (Hodson et
al., 1977).

Bacteria are known to be very +*olerant of same organic
capourrds, vhich are extremely “oxic to ccustacesrs. For
instance, Malathion has an IC-50 _for D. magna of 1.8 ug/l while
a soiution of 1% actuaily prr:btes growth or same bacteria
(Canas ‘et al., 1984). Lindane .s aporoximately 300 times more
toxic to quppies than to P. ghosphoreum (Her.ens et al., 1985).
Thus, for Lirdane, same inhibition would be cbserved in the
Microtax® assay but this would underestimate the effects of
Lindane on higher organisf®. Also, the camenly used herbicides
Simazine amd Erdothall had no effects on number or function of
aquatic bacteria but have drastic effects on algae amd aquatic
argiosperms (Beckman et al., 1984). Tius, the results of the
Microtox® test would underestimate the effects of these
capournds on aquatic plants as well as same fish ard
invertebrates. Bacteria are also mt very sensitive to many
other chlorinated campauds, such as solvents, PCBs ard
insecticides. For example, PCBs, which are a camon contaminant
in the lower Detroit River, are not very toxic to most bacteria
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(Vitkus et al., 1985). Therefore, the Microto® assay would
not be very sensitive to toxic effects of PCBs ard similar
campourds. 'meMicmtmcRassayismtvezysensitiveto
extremely lipophilic organic campards. A deviation fram the
log EC-50 v=. log-P relationship for P. phosphoreum occurs at a
log-P of 3.0 ard greater.

This deviation is not cbserved for the scme relationship in
bicassays with fish, such as the yuppy (Hermets et al., 19C5).
Alternatively, bacteria are known to be much more sensitive to
sape organic campounds such as Anvibictics (DeZwart and Clooff,
1033). Because of this type of va.natlcn in sensitivities among
campards axﬂdevmmmfmthe*sponsesofhlgherorgamsms,
the use of micrabial biocassays for rapid assessment of sediment
hasmtbeenmdely accepted. Rather, lthasbee.nsuggested
that sediment mcrob:.al activity should beusedaspartofa
battery of assays for assessing the toxicity of sediments
(Bedford et al., 1986; Chapman et al., 1982; Archibald, 1982;
Mmawar et al., 1984; Cbst, 1985).

Given the above discussion, what is the justification for
using the Microtox® assay as a rapid screening assay for the
toxicity of sediments? In a concurrent study of the toxicity of
30 of the same sediments studied here, Giesy et al. (1987)
campared the irhibitory effects of pore water in the Microtox®

test to the lethality of Dephnia magna arnd the effects of the

whole sediment on growth of larvae of the dipteran midge
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Chironomis tentans (Giesy et al., 1987). In that study, while
the results of the three assays were not campletely corngruent,
it was established that the most toxic and non-toxic locations
were well discriminated by theMicrotmcRassay. Furthermore,
there were correlatians and predictive relationships which -sould
be established among the three assays. UGlesy st al. (1987)
report that an EC-10 valuc of 25% pore water in the Microtox®
assay causes a 30% reduction in the growch of C. tentans ard
correspancs to the decree of toxdcity, abwve, which thev
cbserved no benthic irsects (Giesy et al. 1987). Therefore,
all of the 85 lI~cations, wh.lmmre classified as very or
modecately toxic were toc toxic to su;port benthic i*sact;.f

We are awa*'e‘of anly one other stidy, wiich has used tue
Microtox® assay .to investigate the taoxicity of sediments
(Schiewe et al., 1985). This study differed from ours, in that,
the toxicity of methancl-dichloramethane extracts of sediment,
which had been solvent-excharged into ethanol were tested
instead of pore water. When solvent extracts were used, a
statistically significant positive correlation was observed
between reduction in bioluminescence of P. phosphoreum and the
oconcentratiaons of aromatic and chlorinated hydrocarbons (Schiewe
et al., 1935). This indicates that the Micxoto® assay is
sensitive to these campaurds and that these classes of campaurds
cauld have been responsible for same of the cbserved toxicity of
Detroit River sediments since several locations had great
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cancentrations of polycyclic aramatic  hydrocarbons (PAH)
(Pranckevicius, 1986; Fallon ard Horvaﬂi, 1985; Raiser et al.,
1985) .

Areas, which we determined to be non~toxic had viable
popalaticns of aquatic, benthic invertebrates which have oeen
reported in the literature (Thornlay and Hamdy, 1984) and were
corrcborated by our own cbservatirns. The organisms, which were
fourd to k< present; included severa®l pollution-sensitive taxz,
such as: Hexagenia limbate and Hyallela sp. T.e jreatest
ropulations of orjrarisms were cbserved on the eastern bank of
the Diroit River, in Canadian waters

.-

Healthy pqula‘tiés of bc:xtm.c mverte.braﬁ wera cbce:ved
adjacent to extensively contaminated areas. The aurrent of the
river is so great t'hatcm':taminantsa_xrckeptnearﬂmebank, from.
which they are discharged and do not seem to ke deposited across
the river. Therefore, it is possible to have healthy
populatians of benthic invertebrates directly across the channel
from where the contamination is so great that we cbserved no
benthic invertebrates. This was the case at station Nos. 118
and 30AC, which were on the east side of the Trenton Channel,
directly across from station Nos. 30UP, 30CR ard 30, which were
areas which had the most toxic sediments (Fig. 1). Similarly,
further south in the Trenton Chamnel, we cbserved very toxic
sediments at station Nos. 34, 120, 105, 106, 107 ard 14S.
However, directly east of these locations, on the east shore of
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the Trenton Channel, we cbserved no taxicity at station Neos. 131
or 41. |

Extensive surveys of the chemical constituents of the
sediments, which caused the greatest toxic effects in cur assays
- have been oomducted by the U.S. Envirormental Protecticn Agency
(Pranckevicius, 1986). These ctudies have rrvealed great
concantrations of metals, PCBs, ard otner imdustrial organic
chemicals and PAH. Thre concentrations of manv moxicants exceed
existing sediment quality cxriteria. Simil~rly, the Ontario
(tinistry of the Enviroment (Thornley And Hamdy, 1984) =~ported
metal cc..)os::.t:ratims, which exce~ded sedm:.(rt quality criteria.

‘We observed areaq of greatest sedimert tmdcity to be
grouped together,  This in2icates that there are or have ieen
point sourcec, respansible for the sources of the toxicity
'nn:.s canclusian is furthersupportedbymeéradient in sediment
pore water toxicity, which was observed along the Trenton
Charmel below station No. 30UP. The maximm sediment toxicity
was cbserved adjacent to the Federal Marine Terminal (FMI)
hazardous waste site. Eight of the most toxic sediments were
cbserved at this site or within a distance of ane kilameter
below this 1location. Immediately above this site the sediment
was foud to be only mcderately toxic, even through the sediment
had a similar physical appearance. This irdicates that the
saurce of the taxicity is in the vicinity of the FMT site, which
is located in Riverview, Michigan, adjacent to the Trenton
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Chammel. The 30 acre site was purchased by the BASF, Wyardotte
Chemical Campany in 1951 amd used as a landfill for
chemical/industrial materials until 1979. The result of these
activities was a site which had a 10-15 ft thick zone of
hazardous material, <overed by sandy soil and swamp sediments.
In Lecember of 1979 it was determined that the subsrface water
at the site was very contaminated and that the groundwater was
moving from east to west and inco the Detroit iver at a rate of
1.5X107° CFs. It was also deteruined that at least same toxic
materials, which were known to e buried in the site wore
occuring, at yreater concant.aions 1.n sediments below than above
the site. 'The site was securdd by sb‘*b:.ll;:mgthe be.ch,
covering the site ard installing a system of monitoring wells.
duntington Creek (also known as. Monguagun Creek) has been
suxygested as a source of contamination for the east side of the
Trenton Channel. While sediments from the creek are toxic, they
are less toxic than sediments above and below the creek in the
Detroit River. This suggests that the scurce of the toxicity is
not Huntington Creek alane. Subsequent chemical determinations
will be reqm.redtoascertamﬂue cause of the toxicity ard the

source of the toxicant.
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CONCLIISIONS

The Microto® assay allowed us to quantify the texicity of
sediments rapidly. Also, the assay allowed us to investigate
the potential toxicity of sediments, where organisms did not
occur because of sediment type or physical rarameters, such as
oxygen, cwrrent or dapth of sediment. The assay 2lsu provided a
dose-respanse celatiorship which offered more information than
presence oo cosence of benthic invertebrates. This inforwation
car. then be used to determine the potential for txicity due to
tzanslocgticn b4 sed.u::nts to other: locaticrs. The i~formation
will also allow the determimation of how near or far the taxic'
potential of sediments is from chet srica would restrict
colanization by animals.

'fhe results of our survey irdicate that there aresedments
in the lower Detroit River, which are extremely toxic. While
most of the very toxic sediments are along the western portion
of cur study area, locally very toxic sediments were fourd
throoghout the lower Detroit River. Bowever, we also fourd
areas at which the sediments were not toxic amd suggested

popalations of benthic insects.
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Table 1. Inhibition of P. phosphoreum bioluminescence (IﬁcmtoxR)

by pore water extracts from Detroit River sediments.

LOCATION EC-10 foirs EC-50 foirs
(% pore water) EC-10 (¥ pore water) EC-50
106 0.1 0.05- 0.07 6.0 5.6 - 6.
3P 0.4 0.32- 0.45 5.9 s0- 7.
112 0.4 0.3€ 0.47 15.2 14.6  15.
119 1.2 0.78- 1.8 5.8 50- 6.
138 2.2 1.9 - 2.4 3.5 26.8 - 41.
25 - 2.8 2.4 - 3;2 35.2 30.9 - 42.
30CR 2.8 7 2.5-3.1 " 22.9 22.2:: 23,
34 3.0 2.6 = 3.5 - 20.7 19.6 - - 21.
357 4.8 3.6 - 6.2 155.2 110.1 - 218.¢
147 5.0 4.94- 4.96 32.5 30.9 -  34.
204 5.5 4.4 - 6.9 132.6 99.4 % 176.
127 6.5 5.0 - 8.5 160.5 106.9 - 240.
165 8.9 7.4 -10.8 69.2 54.9 - 87.
42 9.3 8.2 -10.6 100.5 82.7 - 122.
105 9.6 7.5 -12.3 59.3 . 44.6 - 79.
167 9.8 7.5 -12.8 73.2 50.9 - 105.
53 9.9 8.0 -12.2 789.4 397.8 - 1566.
107 10.4 8.6 -12.5 154.9 97.9 - 245.
162 10.9 8.0 -14.9 206.4 99.1 - 448.
203 11.0 10.0 -12.1 150.5 124.5 - 181.
183 11.5 8.9 -14.9 78.9 - 52.5 - 118.
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Table 1.

Cont.

LOCATION EC-10 a EC-50 a
(%3 pore water) BEC-10 (%3 pore water) EC-50
198 11.8 8.6 -16.2 158.7 77.8 - 323.6
120 11.9 10,1 -12.8 96.6 85.7 - 1C3.9
124 13.1 9.9 -17.3 693.2 168.8 - 2847.2
30 13.2 11.4 -15.2 64.3 45.3 - 91.3
13 13.8 12.4 -15.5 157.9 120.4 - 207.1
145 14.2 12.4 -1€.3 67.1 53.7 = 93.9
7144 14.6 10.9 -19.5 163.9 199.5 « 270.1°
161 1.4 11.7 -20.% 107.7 54.7 = 197.6
209A 16.3 11.7 -22.7 138.2 57.5 - 332.1
137 16.4 13.9 -19.4 131.5 87.6 - 197.4
143 16.9 14.3 -19.9 133.6 87.9 - 203.0
189 17.5 4.4 -21.2 220.3 121.7 - 398.9
212 17.6 14.6 -21.2 85.6 58.7 - 124.8
191 17.8 16.1 =19.7 137.0 105.7 - 177.6
227 18.2 15.1 -21.9 400.9 193.5 - 830.8
20a 18.4 15.2 -22.2 95.0 62.4 - 144.6
121 19.2 17.0 -21.7 119.3 58.2 - 244.7
186 19.8 14.2 -27.6 108.3 47.1 - 248.9
155 19.8 18.9 -20.8 140.9 124.5 - 159.5
110 19.9 15.9 -24.8 786.6 262.0 - 2358.6
163 21.2 15.7 -28.5 148.2 95.3 - 230.4
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Table 1.

Cont.

LOCATION EC-10 I EC-50 I
(3 pore water) EC-10 (% pore water) EC-50
37 1.7 19.0 -24.8 433.5 324.1 - 580.1
128 22.2 14.6 -33.9 245.9 98.4 - €14.7
166 22.3 15.7 -31.7 =59.§ 126.5 = 2477.4
159 22.4 16.3 -30.5 150.7 58.9 - 385.4
207 22.6 20.2 -25.2 145.1 105.5 = 203.4
135 22.0 19.4 -Zo.4 23€.2 161.0 - 344.5
157 23.1 20.4 26,1 ' 252.7 167.3 = 379.7
49 23.1 18.2 -28.3 132.0 77.4 - 225.3
77 23.9 16.3 -34.2 1000.0 145.4 -10969.0
196 24.0 16.3 -35.3 751.5 97.0 - 5822.8
45 24.0 21.4 -27.0 56.7 43.5 - 73.8
172 24.1 18.5 -31.2 317.9 118.2 - 855.1
154 25.8 33.6 -35.5 108.6 50.4 - 233.9
160 26.8 19.1 -37.6 216.4 74.8 - 625.7
104 28.3 23.9 -33.5 184.3 95.1 - 357.1
153 28.4 23.6 -34.3 588.1 266.6 - 1297.2
170 29.9 22.4 -39.9 165.4 73.1 - 374.1
202B 30.4 17.8 -51.8 71.6 25.9 - 197.6
214 30.4 25.2 -36.6 132.0 85.1 - 204.7
52 30.4 26.7 -34.7 520.3 310.8 - 871.0
208 30.5 19.4 -48.1 110.1 37.8 - 320.9

21



Table 1. Cont.

LOCATION BC-10 T EC-50 a
(% pore water) EC-10 (% pore watar) EC-50
202 30.8 18.7 - 50.7 167.7 22.2 - 1265.0
228 31.5 9.9 -160.4 218.2 0.93-51147.7
192 2.4 27.0 - 35.8 141.2 ©2.1 - 716.4
209 32.6 25.8 - 41.1 292.9 140.4 - 611.%
1<8 33.6 28.4 - 39.9 668.9 252.6 — 1770.9
126 33.7 21.0 - 54.3  107.4 43.5 - 264.v
312 361 ' 27.3-47.8°  130.8 ' 71.6 - 239.0
59 38.1 - 731.6 - 45.9 186.7 119.6 - 291.5
197 38.4 23.0 - 64.2 201.4 26.8 - 1514.5
2132 38.8 30.4 - 49.6 146.4 38.2 - 257.7
190 40.9 31.5 - 53.2 224.2 91.3 - 550.7
182 41.3 33.7 - 50.7 332.3 186.8 - 591.2
146 42.7 26.8 - 68.0 160.1 58.5 - 436.8
133 44.5 35.1 - 56.5 263.8 118.3 - 588.3
152 44.5 35.1 - 56.4 229.1 124.6 - 421.1
218 46.2 30.5 - 69.9 125.7 49.1 - 321.8
222 46.4 13.4 -161.2 166.9 9.3 - 2981.7
151 46.7 38.4 - 56.7 513.2 229.8 - 1146.1
225 47.8 14.6 -156.2 141.5 12.2 - 1644.6
138 48.5 33.5 - 70.1 201.0 91.1 - 443.7
187 48.8 28.2 - 84.4 312.4 65.8 - 1483.5
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Table 1.

Cont.

LOCATION EC-10 I EC-50 I
(% pore water) EC-10 (% pore water) EC-50

11 51.8 45,7 - 58.6 1000.0 554.3 - 5381.9
134 57.1 18.9 -172.8 308.6 21.4 - 4459.7
179 58.3 39.3 - 86.4 NT -
132 58.5 28.3 -120.6 306.7 59.3 - 1585.6
141 60.0 34.5 - 85.5 179.2 103.7 - 1826.9
1€8 67.4 19.3 =<32.9 - 783.1 21.9 =27329.5

1173 67.6 42.8 -106.9 80.6 * 1206.2 - 2954.9
_317 69.8 59.2 - 82.4 833.5 537.9 = 1291.2
139 71.5 38.5 -133.1 352.6 73.2 - 1694.3
231 71.9 41.2 -125.5 512.2 142.2 - 1844.6
113 75.6 68.0 - 84.1 783.5 570.2 - 1076.4
47 78.5 65.8 - 93.8 414.9 289.7 - 594.3
200 NT - NT -
82 NT - NT -
136 NT - NT -
130 NT - NT -
22 NT - NT -
83 NT - NT -
1s NT - NT -
25A NT - NT -
16 NT - NT -
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Cont.

Table 1.

- EC-50
(% pore water) =C-s2
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Table 1. Cont.

LOCATION EC-10 I EC-50 cI
(% pore water) EC-10 (% pore water) EC-50
223 NT - NT -
224 NT - NT -
226 NT - T -
229 NT - NT -
232 NT - NT -
51 NT - NT -
129 T - N -
we 0 i - NT -
54 sy - ._N'I’ -
592 NT - NT -
194 NT - NT -

NT = Not Toxic; slope of probit line is not significantly different
from zero or EC-50 estimate greater than 100%.

CI = 95% confidernce interval.
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Table 2. Predictive 1log-linear, probit equations, which relate
inhibition of P. phosrhoreum bioluminescence after 15 min. to
% sediment pore water, extract. Only locations, for which
the slope of the regression was significantly greater than
zero, are reported. |

TOCATION SIOFE INTERCEFT
™ (b,log% extract)
106 1.1767 1.7989
30UP 1.2443 1.7729
nz _ ).0523 2.7239
110 R T I © "1.7616 R
188 0.6136 - 3.R115
25 | | 1.1644 3.5787
30CR 0.9594 3.1343
34 0.8727 3.0281
157 1.5844 5.0446
147 0.8564 3.4822
204 1.4485 4.8874
127 © 1.4576 ~ 5.0782
165 0.9321 4.2371
42 -~ 1.0820 4.6097
105 0.8290 4.0833
167 0.9156 4.2921
53 1.9875 6.6611
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Table 2. Cont.
LOCATION SIOPE INTERCEFT
o (b, log% extract)
107 1.2415 5.0431
162 1.3369 5.3301
203 1.1887 5.0139
183 0.875€ 4.3679
198 1.1.345 5.0671
120 0.9518 4.5705
124 42..‘2138 7.4341
0. i 0.7657 '4.1032 .
s 1.1080 5.0620
145 0.7062 4.2067
144 1.1012 5.0996
161 0.8856 4.6791
209A 0.9742 4.9284
137 0.9469 4.8793
143 0.9393 4.8947
189 1.1512 5.3950
211 0.7188 4.4498
191 0.9272 4.9201
227 1.4080 5.9940
20A 0.7456 4.5540
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Table 2. Cont.

LOCATION SIOPE INTERCEPT

o) (b,1log¥ extract)
121 | 0.8316 4.7820
186 0.7723 4.5845
155 €.8935 4.9487
170 1.£740 6.€577
163 0.8858 4.9984
37 | 1.3614 6.0720
128 ) 10940 5.5053

ies ' : . 1.4662 © 6.327¢ !
159 : 0.8672 5.0155
207 y | 0.8467 4.9771
135 | 1.0680 5.4649
117 1.0887 5.5322
49 0.7940 4.8845
77 2.4704 7.1413
196 1.5671 6.6221
45 | © 0.3904 4.0373
172 1.1749 5.7619
154 0.6535 4.6881
160 0.9497 5.3774
104 0.8731 5.2167
153 1.3781 6.3769
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Table 2. Cont.

LOCATION SIOFE INTERCEFT
™ (b,log% extract)
170 9.7786 5.1085
202B 0.3909 4.2716
214 9.6683 4.8825
52 ] 1.2918 5.2545
208 0.5848 4.7011
202 0.7713 5.1222
228 | 0.£810 5.3860
192 f e Tl o.eesat 4,048
209 | 0.9530 5.6798 .
158 ' 1.3602 6.5057
126 . 0.3597 4.3093
212 0.5853 4.8740
59 0.7232 5.2298
197 0.7544 5.3054
213A 0.6040 4.9860
190 0.7737 5.4124
182 0.9481 5.8061
146 0.6011 5.0760
133 0.8095 5.5752
152 0.7453 5.4340
218 0.4550 4.8340
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Table 2. Cont.

LOCATION SLOPE INTERCEPT
™ (b,log% extract)

222 © ¢.5830 5.1170
151 ©1.091). €.2406
225 0.4940 4.9500
138 0.6474 5.3033
187 0.8446 5.7444
121 © 1.5057 7.45%3
134 0.7681 5.7322
179 - B 1.8403 " a.1086
132 | 0.7540 5.7759
141 _ _ 2.6560 . 5.9850
168 . 1.1141 6.6594
173 1.1128 6.6601
33 1.1281 6.7257
139 0.7252 5.8643
231 0.3930 6.2390
113 11,5167 6.6637
47 , 0.7573 6.0282
200 - -

82 - -

136 - -

130 - -
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Table 2. Cont.

LOCATION SLOPE INTERCEPT
™ (b,log% extract)
22 - -
83 - -
115 - -
25A - -
116 - -
171 - -
193 s . -
| 169 ! e i _ N : i;

118 - - |
20AC - -

| 174 ’ - -
176 - -
131 - -
41 - -
44A - -
195 ' - -
114 - -
125 - -
181 - -
213 - -
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Table 2. Cont.

LOCATION SLOFE INTERCEFT
| 0 (b, log% extract)
215 - -
218 - -
219 - _
220 - -
221 - -
222 -
224 - -
R L B | -
229 ‘ - -
232 _ ~ : - o
51 - -
129 - -
142 - -
54 - -
592 - -
194 - -

Log EC, = M probit + b

Where: Probit values are calculated fram the % inhibitien of
biocluminescence (Finney, 1971).

EC, = concentraticon of pore water extract to cause same proportion
inhibition (x) of bioluminescence.

CI = 95% confidence interval.
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FIGURE LEGEND

Figure 1. Distribution of toxicity of pore water extracts,
isolated from sediments collectéd from 136 locations
in the lower Detroit River during the summer of
1986. The toxicity, as determined | oy the
Microta»®, microbial bioltminescence assay, was
classified into four categories based on
concentrations of pore water extract to elicit a 10%
reduction in bisluminescence: Great, E=C-10 < 1n%;
mooerate, 40 > £5-10  \ 10%: slight. 8us > Ec-g.o' >

40%:and mn—toxlc E:."“.-ld > 80%.,
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